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Description 

Process and device for outputting a digital signal. 

5 The present invention relates to a process and a device 
designed to perform the process for outputting a digital 
signal, in particular in a digital signal transmission 
according to LVDS transmission standard in which a 
differential signal of low voltage and limited current is 
10 used. 

Applicants claim priority to German Application No. 102 55 
642.3, filed November 28, 2002, the entire application of 
which is incorporated by reference. 

15 

US 6,288,581 Bl discloses an LVDS output driver in which 
the positive and the negative signals of the differential 
output signal are each generated by a main complementary 
end stage, wherein the two main complementary end stages 

20 are connected in parallel and triggered in counter-phase. 
Allocated to each of the two main complementary end stages 
is an auxiliary complementary end stage, the output of 
which can be connected with the output of the allocated 
main complementary end stage and controlled in synchrony 

25 with the allocated main complementary end stage. At each 
edge of the control signals to trigger the main 
complementary end stages, for short periods the outputs of 
-the auxiliary complementary end stages are connected with 
those of the main complementary end stages to increase 

30 briefly the output current after a signal change and thus 
improve the edge steepness. In each case, the two main 
complementary end stages and the two auxiliary 
complementary end stages are connected in parallel and 
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together receive a constant current to limit the output 
current to a current limit value. Disadvantageously , this 
output driver requires a high circuit complexity as the 
driver circuit must be provided in duplicate and in 
5 addition the connection elements with the necessary control 
logic are required for connecting the outputs of the 
auxiliary complementary end stages and the main 
complementary end stages. 

10 Furthermore, US 6,281,715 Bl discloses an LVDS driver in 
which a positive and a negative output of a differential 
output signal are each generated by a complementary end 
stage, the two complementary end stages being controlled in 
counter-phase, connected in parallel and exposed Jointly to 

15 a constant current in order to limit the current of the 
differential output signal. The constant current for 
application to the parallel circuit of the two 
complementary end stages can be briefly increased by means 
of additional current switching elements on each edge of 

20 the trigger signal of the two complementary end stages. 
Disadvantageously, this requires an increased circuit 
complexity for the additional current switching elements, 
an equally necessary additional current source and a device 
for temporally correct triggering of the circuit switching 

25 elements to supply the additional current. 

The present invention is based on the object of creating a 
process and a device for transmission of digital signals in 
the form of a current signal of defined current intensity, 
30 wherein the edge steepness can be improved with little 
expense. 

According to the invention, this object is achieved by a 
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process with the features of Claim 1 and by a device with 
the features of Claim 11. The sub-claims each define 
preferred and advantageous embodiments of the present 
invention. 

5 

According to the invention, at least essentially in 
synchrony with the edges of the control of the driver 
circuit, a current increase signal is generated which 
causes the current increase via a capacitor. The use of the 

10 capacitor limits the supplied current quantity or charge so 
that the additional period for which the current increase 
pulse is active is not critical. This allows the 
possibility of deriving the current increase signal 
directly from a control signal to trigger the driver stage 

15 so that advantageously no additional switching device is 
required to generate the current increase signal. 
Furthermore, the use of at least one capacitor for a 
temporary increase in current achieves a potential 
separation so it is possible to disregard voltage 

20 differences between the increase signal and the point at 
which the current increase is achieved by means of the 
capacitor . 

The at least one increase signal can achieve the current 
25 increase via the at least one capacitor in various ways. 
Firstly, to supply current to the driver circuit at least 
one controllable current source can be provided which 
receives the increase signal via the capacitor. In an 
advantageous embodiment, however, the increase signal acts 
30 via a capacitor directly on an output line or output 

connection of the driver circuit. In the case of a driver 
circuit which emits a differential output signal via two 
output lines, two increase signals can be provided which 
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each act directly on one output line via a capacitor. The 
additional current increase caused by the increase signal 
is in this case applied to both output lines. Here, it is 
also conceivable that only one of the two output lines 
5 receives an increase signal via a capacitor if, for 

example, the two output lines have to drive different load 
capacitances and only one output line requires an 
additional current to achieve a required edge steepness. 

10 The at least one capacitor can be variable in its 

capacitance in order for example to vary the additional 
current applied and adapt to the requirements. With one 
differential output signal and two capacitors, the 
capacitance of these can be varied independently. For 

15 example, each capacitor can be formed by a parallel circuit 
of connectable part capacitors. 

Preferably, each increase signal used is derived from a 
control signal to trigger the driver stage. When the 

20 control signal for the driver stage is supplied by a 

trigger driver which can supply an adequate output current, 
the increase signal can be taken directly from the line via 
which the control signal is passed. Preferably, however, 
the increase signal is generated by its own driver which 

25 can be inverting or non- invert ing . A driver for an increase 
signal can be able to be switched on and off in order 
optionally to switch on an additional current. In 
principle, the polarity of the increase signal must be 
selected so that the current which is additionally switched 

30 in its polarity via the capacitor corresponds to that of 
the output connection of the driver stage to which the 
increase signal is applied. A driver stage for the increase 
signal can be connected in parallel to a driver stage to 
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generate a control signal or in series after a driver stage 
to generate a control signal. 

Advantageously, the increase signal is connected a short 
5 time after a edge of the control signal in order to ensure 
that the switch elements of the driver stage have already- 
assumed the new switch status before the arrival of the 
additional current signal connected because of the increase 
signal via the capacitor. Otherwise, there is a risk that 

10 the current pulse triggered by the increase signal would 

behave in the opposite sense to the current supplied by the 
driver stage. This preferred time delay can be achieved if 
the increase signal is generated by a driver which is 
connected in series with a driver to generate the control 

15 signal. If the two drivers to generate the control signal 
and the current increase signal are connected in parallel, 
the driver for the increase signal can have a greater time 
delay than the driver for the control signal in order to 
create the desired time delay for the increase signal. 

20 

As a load shift takes place at the capacitor output on 
connection of both a positive and a negative edge to the 
capacitor, preferably both positive and negative edges of 
the increase signal are at least essentially synchronized 
25 with the edges of the control signal. If the increase 

signal is derived from a control signal, this requirement 
is fulfilled automatically with no extra expenditure. 

The voltage increase of the increase signal is independent 
30 of a voltage increase of the output signal, wherein the 

greater the voltage increase of the increase signal is, the 
smaller the capacitance of the capacitors can be selected. 
As the invention is used in particular in an LVDS data 
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transmission in which the voltage increase of the driver 
stage is low, advantageously for the increase signal a 
greater voltage increase is used so that the capacitors can 
be designed small. 

5 

The driver circuit has preferably for each of the positive 
and negative output connections a series circuit of two 
current switch elements which receive a voltage in series, 
are controlled in opposite directions and with their node 

10 point are connected to the appropriate output connection. 
The two current switch elements can be two complementary 
transistors which are together triggered by a control 
signal. Also, two transistors of the same type can be used, 
one of which is triggered directly by the control signal 

15 and the other by the control signal via an inverter. To 
generate a differential output signal, two such series 
circuits are required which are connected in parallel. 

With a single-ended output with just one series circuit of 
20 two current switch elements, at both ends of the series 

circuit current limiting elements must be provided in order 
to limit the output current in the two switch states of the 
series circuit. With a driver stage with two parallel- 
connected series circuits each of two current circuit 
25 elements to provide a differential output stage which is 
terminated with a resistor and which leads to a current 
loop, one current limiting element on the positive or 
negative current supply connection of the driver stage is 
sufficient as in this case the current flows in to the 
30 resistor via one output line and back to the driver circuit 
via the other output line. 

Preferably, however, a controllable current limiting 
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element is provided on both the positive and the negative 
current supply connections of the driver stage. Using a 
suitable control system, by influencing the two current 
limiting elements which, for example, can be transistors, 
5 both the current flowing via the differential output line 
and the voltage level of the two output lines can be 
influenced and in particular controlled. In order to be 
able to determine the voltages at the output lines of a 
differential driver stage for control purposes, the two 

10 output connections of the differential driver stage can be 
connected together via a series circuit of two resistors 
which have the same resistance. At the node point of the 
two resistors, the mean value of the voltages at the two 
output lines of the driver stage can now be measured. 

15 Preferably, a combined control system is used which firstly 
adjusts the mean value of the voltages at the output lines 
to a reference voltage, in particular constant, and 
secondly ensures that the current flowing through the 
driver stage is equal to the current of a reference current 

2 0 source, for which a current mirror can be provided. 

The invention is now described below with reference to a 
preferred embodiment example using the enclosed drawings. 

25 Figure 1 shows the schematic structure of a transfer line 
to LVDS standard, and 

Figure 2 shows the circuit structure of an LVDS driver for 
output of a digital signal in the line according to Figure 
30 1 . 



The data transmission line shown in Figure 1 works on the 
LVDS (low voltage differential signalling) standard which 
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uses a differential signal of low voltage. The 
unidirectional LVDS transmission standard uses a 
differential signal of 250 - 400 mV and is therefore low in 
power and suitable for high data rates. At the end of two 
5 transmission lines 4, a resistor of approximately 100 Q is 
provided in a receiver 2. The transmitter 1 has an 
inverting input 6 and a non-inverting input 5. 

In the LVDS transmitter 1, a constant current of 3 - 4 mA 
10 is switched through a bridge circuit. At terminal resistor 
3 there then results a differential signal of ± 400 mV. 
However, the transfer lines 4 can have a particular line 
capacitance depending on the application site, which for 
example can be the connection of an integrated circuit with 
15 an integrated circuit or the connection of a circuit board 
with another circuit board. Together with the terminal 
resistor 3, this gives an RC time constant which limits the 
maximum speed or bit rate. So that the level can settle at 
the end value, the RC time constant should not exceed one- 
20 third of the signal duration. 

In order to achieve an increase time of 300 ps under the 
given conditions, the load capacitance must not exceed 3 pF 
if a maximum current of 4 mA is available. If the load 
25 capacitance is greater, during switching a higher current 
must flow in order not to extend the increase time. 

Figure 2 shows the circuit construction of the transmitter 
1 in detail. The core of the transmitter 1 is a driver 
30 circuit which comprises two parallel-connected series 
circuits each of a PMOS transistor 13 and an NMOS 
transistor 14. The two series circuits are connected in 
parallel at their ends and connected with a positive supply 
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voltage connection at the ends lying on the side of the 
PMOS transistor 13 via a PMOS transistor 16 and with a 
negative supply voltage connection at the opposite ends via 
an NMOS transistor 17. The two transistors 16, 17 for 
5 current supply to the driver stage 13, 14 are triggered by 
a control circuit 18 which ensures amongst others that a 
constant current flows through the driver stage 13, 14, the 
function of which is described later. 

10 The gate connections of the two transistors 13, 14 each 
connected in a series circuit are triggered jointly by a 
control driver 7, 8, where the input of the control driver 
7 is the non- inverting input 5 of the transmitter 1 and the 
input of the control driver 8 is the inverting input 6 of 

15 the transmitter 1. Consequently, the node point of the 
series-connected transistors 13, 14 triggered by the 
control driver 7 constitutes the non- inverting output 
connection and conversely the node point between the 
transistors 13, 14 triggered by the control driver 8 is the 

20 inverting output connection of the differential output 
point. The two output connections of the differential 
output act on the connection lines 4, which as previously 
stated have a line capacitance 28 and at their end are 
connected together via a terminal resistor 3 which is on 

25 the receiver side. 

The two control drivers 7, 8 furthermore each control one 
of two inverting current increase drivers 9, 10 which at 
their output each supply a current increase signal. The 
30 outputs of the two current increase drivers 9, 10 are each 
connected via one of two capacitors 11, 12 with the node 
point of the series circuit of the transistors 13, 14 which 
are triggered by the control drivers 7, 8 triggering the 
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respective current increase drivers 9, 10. 

The function of the driver stage 13, 14 depicted will be 
described below. A positive edge at the non- inverting input 
5 5 gives a falling edge at the output of the control driver 
7 and thus causes the PMOS transistor 13 of the left series 
circuit to conduct and the NMOS transistor 14 of the left 
series circuit to block, and hence at the node point of the 
left series circuit a positive edge appears. The same 
10 behaviour occurs in the right series circuit when triggered 
via the inverting input 6. On operation of the driver 
circuit it must be ensured that the signals switched to the 
two inputs 5, 6 of the transmitter are in counter-phase or 
complementary to each other. 

15 

The negative edge at the output of the control driver 7 is 
also present at the current increase driver 9 and at its 
output causes a positive edge with time delay, where the 
time delay depends on the signal run time in the current 

20 increase driver 9. The positive edge at the output of the 
current increase driver 9 is switched differentiated via 
the capacitor 11 to the node point of the left series 
circuit, whereby into this node point is supplied a short 
charge pulse which depends on the voltage increase at the 

25 output of the current increase driver 9 and on the 

capacitance of the capacitor 11. Thus, at the start of the 
switching process in the node point of the left series 
circuit there flows both the constant current passed via 
the control circuit 18 and the two transistors 16, 17 

30 through the driver stage 13, 14 and the current pulse 
additionally supplied via the capacitor 11. 



In the next switching process the non- inverting input 5 
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receives a negative edge which leads to a positive edge at 
the output of the control driver 7 and hence a blocking of 
the PMOS transistor 13 of the left series circuit and 
conduction of the NMOS transistor 14 of the left series 
5 circuit, whereby a negative edge appears at the node point 
of the left series circuit. The positive edge at the output 
of the control driver 7 causes, with time delay, at the 
output of the current increase driver 9, a negative edge 
which in turn passes differentiated via the capacitor 11 a 

10 current pulse to the node point of the left series circuit, 
the current pulse in this case having the reversed sign, so 
that in addition to the constant current generated via the 
control circuit 18 together with the transistors 16, 17, 
there flows into the node point of the left series circuit 

15 the current pulse flowing via the capacitor 11 as a result 
of the negative edge at the output of the current increase 
driver 9 . 

As a result, in this way the edge steepness is improved and 
20 hence the maximum transmittable bit rate increased with 
very little expenditure which is limited to two 
additionally required drivers 9, 10 and two additional 
capacitors 11, 12. 

25 The control circuit 18 and its function are described 

below. The control circuit 18 comprises a constant current 
source 19 and a reference voltage connection 20 which 
receives a constant voltage. The two NMOS transistors 21, 
22 together with the two PMOS transistors 23, 24 form a 

30 differential amplifier, the first input of which is formed 
by the gate of the NMOS transistor 21 and receives the 
reference voltage 20, and the second input of which is 
formed by the gate of the second NMOS transistor 22. The 
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second input of the resulting differential amplifier 
receives the mean value of the voltage at the two output 
connections of the driver stage 13, 14. To this end, the 
two output connections of the driver stage 13, 14 which 
5 correspond to the node points of the two series circuits of 
transistors 13, 14 are connected together via a series 
circuit of two resistors 15 which have the same resistance. 
At the connection point between the two resistors 15, the 
mean value of the voltages at the output connections is 
10 measured and passed to the second input of the differential 
amplifier 21-24. 

In addition, the part current flowing via the PMOS 
transistor 23 to the PMOS transistor 16 is reflected at the 

15 positive supply voltage connection of the driver stage 13, 
14. In addition, the part current flowing through the PMOS 
transistor 24 via a converter circuit with two transistors 
25, 26 to the NMOS transistor 17 is reflected at the 
negative supply voltage connection of the driver stage 13, 

20 14 so that firstly the mean value of the voltages on the 
output lines 4 measured at the node point of the series 
circuit of the two resistors 15 is adjusted to the' 
reference voltage at the reference voltage input 20, and 
secondly the current reflection achieves a constant current 

25 through the two parallel-connected series circuits of the 
transistors 13, 14. 

The control circuit 18 thus contains a closed control loop 
which adjusts the mean value of the voltages at the two 
30 output connections of the driver stage 13, 14 to the 

voltage lying at the reference voltage input 20, which 
simultaneously ensures that the current through the driver 
stage 13, 14 corresponds to a given constant value. 



